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(54) In vivo zeroing of catheter pressure sensor 

(57) A catheter-based physiological pressure sens- 
ing device, which can be calibrated in vivo, is disposed 
in the distal end of a catheter, and is preferably in the 
form of a bulb-like device. The pressure sensing device 
includes a pressure sensor tip and pressure sensor el- 
ement disposed in the pressure sensor tip. The pressure 
sensor element has first and second opposing surfaces 
which form separate and isolatable first and second 
chambers. An aperture is formed in an external wall of 
the pressure sensor tip to provide a passageway into 
the first chamber and expose the first surface of the 
pressure sensor element to a physiological pressure. A 
blocking element, such as a balloon, is disposed in the 



first chamber and is adapted for selectively blocking the 
aperture. To measure a physiological pressure, the ap- 
erture is unblocked to allow an outside pressure into the 
first chamber and a reference pressure is presented to 
the second chamber so that the surfaces of the pressure 
sensing element can measure the differential pressure. 
To calibrate or zero the device, the blocking element 
blocks the aperture to seal the first chamber with respect 
to external pressure and a fluid at a known pressure is 
introduced to the first and second chambers. The pres- 
sure sensor element provides an output signal indicative 
of a zero offset pressure to a pressure monitoring circuit 
to calibrate, or zero, the sensor and enhance the accu- 
racy of subsequent pressure measurements. 
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Description 

^BACKGROUND OF THE INVENTION 

Catheters are used in various medical applications, 
. including the diagnosis, treatment and monitoring of 
medical conditions. One type of catheter includes a sen- 
sor for in vivo measurement of various physiological 
pressures. An illustrative application for a catheter- 
based pressure sensor is in the measurement of intrac- 
• ranial pressure in which one end of the catheter is dis- 
posed in the ventricular region of the brain and the other 
end exits the cranial region for coupling to a monitor. 
Typical catheter pressure sensors utilize a pressure 
./sensitive device, which may be capacitive, resistive, op- 
tical or ultrasonic. Generally, one side, or surface of the 
sensor is exposed to the physiological pressure to be 
measured and another surface of the sensor (i.e., the 
reference surface) is exposed to a liquid or gas at a ref- 
erence pressure. The measured pressure differential 
between the sensor surfaces provides an indication of 
the physiological pressure to which the first surface is 
exposed. 

As with most electronic sensing devices, it is advan- 
tageous to calibrate the catheter pressure sensor peri- 
r. odically to compensate for sensor drift at a zero pres- 
sure condition. Certain medical conditions result in an 
increase in intracranial pressure (e.g., due to production 
of excess cerebrospinal fluid). Pressures beyond a cer- 
tain threshold can cause patient death or irreversible 
brain damage. It is thus necessary to obtain reliable 
pressure readings. 

Calibration is typically achieved by applying a 
known, equal pressure to both surfaces of the sensor 
and measuring an output signal of the pressure sensor. 
The measured output signal represents a zero offset of 
the sensor and the process of calibration is thus some- 
times referred to as "zeroing." Often, the known pres- 
sure at which the sensor is calibrated is atmospheric 
pressure. The measured zero offset of the sensor is 
used by a circuit to adjust the measured signal in order 
to compensate for the zero offset, thereby enhancing 
the pressure sensing accuracy of the device. 

Some catheter pressure sensors permit calibration 
to be performed in vivo. One such catheter is described 
in U.S. Patent No. 4,901,735 (von Berg) in which a bal- 
loon structure surrounds the entire catheter tip, where 
the sensor is located, and is inflated when calibration is 
performed. With the balloon inflated, a uniform pressure 
is exerted on both surfaces of a strain gauge sensor. 
Another catheter pressure sensor permitting in vivo ze- 
roing is described in U.S. Patent No. 5,203,340 (Gus- 
tafson et al.) in which an ex vivo pressure connecting 
means is provided for inhibiting liquid communication 
with the reference surface of the sensor and permitting 
the physiological pressure to be applied to both surfaces 
of the sensor. Although some pressure monitors are 
able to achieve in vivo zeroing, more reliable and effec- 



tive calibration of in vivo monitors would be desirable. 
SUMMARY OF THE INVENTION 

5 The present invention relates to sensors for meas- 

uring pressures, and more particularly to a physiological 
pressure sensing device, implantable within a patient, 
that can be calibrated or zeroed in vivo. While the inven- 
tion is applicable to a variety of pressure sensors of 

io which calibration is desirable, the invention is described 
herein with respect to a catheter-based pressure sens- 
ing device. 

The invention comprises a catheter-based physio- 
logical pressure sensing device that can be formed with- 

15 in a catheter. The pressure sensing device is preferably 
in the form of a bulb-like device that is formed within a 
catheter, such as at a distal end of the catheter. The 
pressure sensing device includes a pressure sensor tip 
having an external wall and an aperture disposed in the 

20 external wall for providing a passageway between the 
outside and inside of the catheter. A pressure sensor 
element is disposed within the pressure sensor tip with 
a first surface that is exposed to the aperture and an 
opposed second surface that is isolated from the aper- 

25 ture. The pressure sensor element separates the bulb- 
like device into separate and isolatable chambers. 

A blocking element, such as a balloon, is disposed 
in a first chamber that is defined by the first surface of 
the pressure sensor element and a wall of the device 

30 that includes the aperture. The blocking element is 
adapted for selectively blocking the aperture. In a first 
position or condition, the blocking element occludes the 
aperture to effectively seal the first chamber with respect 
to the exterior of the catheter. When the blocking ele- 

35 ment is in a second condition, the first surface of' the 
pressure sensor element is exposed to an external or 
physiological pressure via the aperture. 

To measure a pressure, the blocking element is ma- 
nipulated to the second condition, exposing the first sur- 

40 face of the pressure sensor element to an outside pres- 
sure, and a reference pressure is presented to the sec- 
ond chamber. The differential pressure between the first 
and second chambers is measured by the pressure sen- 
sor element which provides an output signal indicative 

45 of the differential pressure. The output signal preferably 
is delivered to an electrical conductor in electrical com- 
munication with a pressure monitoring circuit. The pres- 
sure monitoring circuit can display, record or otherwise 
indicate to a physician, or other medical personnel, the 

50 measured differential pressure. 

To calibrate or zero the device, the balloon is inflat- 
ed to block the aperture in the pressure sensor tip and 
seal the first chamber with respect to external pressure. 
A fluid at a known pressure, such as air at atmospheric 

55 pressure, is introduced to the first chamber. The same 
or a different fluid is then introduced into the second 
chamber at the same pressure as the first chamber. The 
pressure sensor element provides an output signal in- 
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dicative of a zero offset pressure. This zero offset pres- 
sure is used by the pressure monitoring circuit to cali- 
brate the sensor and enhance the accuracy of subse- 
quent physiological pressure measurements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood from the 
following detailed description taken in conjunction with 
the following drawings, in which: 

Figure 1 shows a catheter having a pressure sens- 
ing device according to the invention disposed on 
its distal end; 

Figure 2 is a cross-sectional view of the pressure 
sensing device of the invention mounted on the dis- 
tal end of the catheter of Figure 1 ; 

Figure 2A is a cross-sectional view of the pressure 
sensing device illustrated in Figure 2, showing a 
blocking element of the device in a deflated condi- 
tion; 

Figure 3 is a flow diagram illustrating a process for 
in vivo zeroing of the pressure sensing device of 
Figure 2; 

Figure 4 is a cross-sectional view of an alternate 
embodiment of the pressure sensing device of the 
invention mounted on the distal end of the catheter 
of Figure 1; and 

Figure 4A is a cross sectional view of the pressure 
sensing device illustrated in Figure 4, showing a 
blocking element of the device in a deflated condi- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to Figure 1 , a catheter 1 0 is shown to have 
a proximal end 14 and a distal end 16. The distal end 
16 includes a tip region 20 and is adapted for being in- 
serted into a patient for performing an in vivo physiolog- 
ical pressure measurement, such as the monitoring of 
intracranial pressure. 

The catheter 10 includes a flexible catheter tube 24 
that forms a portion of passageways that extend be- 
tween the proximal end 14 and the distal end 16 and a 
plurality of branch tubes 28, 30. The catheter tube 24 
carries smaller tubes and electrical wires for connection 
to a pressure sensor device disposed in the tip region 
20, as will be described in conjunction with Figure 2. A 
connector 31 disposed at the proximal end 14 of the 
catheter is adapted for coupling to a pressure monitoring 
circuit 33. An optional pressurized fluid source 35 can 
also be coupled to the connector 31 for providing a fluid, 



such as air, to the tip region 20 at a predetermined pres- 
sure. 

The branch tubes 28, 30 are coupled to the catheter 
tube 24 via respective Y-connectors 32, 34 and permit 
s infusion or extraction of a liquid or gas from the tip region 
20. To this end, each of the branch tubes 28, 30 includes 
a respective coupling 36, 38, such as a syringe or fluid 
coupling. 

Referring also to Figures 2 and 2A, the pressure 
w sensor tip region 20 at the distal end 16 of the catheter 
10 is shown in cross-section to include a pressure sen- 
sor element 40. In the illustrative embodiment, the pres- 
sure sensor element 40 is a semiconductor device. The 
semiconductor can be a resistor network microma- 
chined to be responsive to pressure applied to the chip 
surfaces. More specifically, pressure applied to the re- 
sistor network causes a change in resistance of the re- 
sistor network. It is understood that other suitable pres- 
sure sensor elements can be used providing that they 
can be isolated with the surfaces exposed to a common 
pressure. 

The tip region 20 includes a first chamber 44 adapt- 
ed for being exposed to the physiological pressure to be 
measured and a second chamber 48 adapted for being 
exposed to a reference pressure. During in vivo calibra- 
tion, however, both chambers 44 and 48 are exposed to 
a reference pressure, as will be described. 

The pressure sensor element 40 separates and iso- 
lates the first and second chambers 44,48. The pressure 
sensor element 40 is mounted in the tip region 20 so 
that the first chamber 44 is disposed adjacent to one 
surface 40a of the sensor element 40 and the second 
chamber 48 is disposed adjacent to an opposite surface 
40b of the sensor element 40, as shown. The pressure 
sensor element 40 extends along its length between a 
terminal portion 50 of the tip region 20 and a barrier por- 
tion 52. Ends 41a,b of the pressure sensor element 40 
are* bonded to the terminal and barrier portions 50,52 
with an adhesive. The adhesive provides a respective 
seal between along the ends 41a,b of the pressure sen- 
sor element 40 and the respective terminal and barrier 
portions 50,52. 

The pressure sensor 40 also extends across the di- 
ameter of tube 66. The pressure sensor element 40 is 
mounted within the tube 66 and edges of the pressure 
sensor element 40 are bonded to walls of the tube. The 
adhesive extends along the edges of the pressure sen- 
sor element 40 to form a seal between the tube 66 and 
the pressure sensor element edges. Thus, the pressure 
sensor element 40 is bonded about its perimeter with 
an adhesive that provides a seal to effectively isolate 
the first and second chambers 44,48. 

The first and second chambers 44 and 48 are iso- 
lated from one another but need not be of equal size. 
For example, the pressure sensor 40 can be positioned 
within the tube 66 so as to form two chambers of unequal 
size. 

The adhesive used to bond the pressure sensor el- 
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ement 40 can be selected from suitable non-conductive, 
biocompatible, medical grade adhesives, such as epox- 
ies and silicone adhesives. 

In the illustrative embodiment, the barrier portion 52 
,ris comprised of silicone or medical grade adhesive de- 
scribed above, such as an epoxy, that secures the tube 
66 to the tube 24. The terminal portion 50 is formed from 
silicone, for example, secured to an end of the catheter 
tube 66. 

As shown in Figures 2 and 2A, the catheter tube 24 
abuts the tube 66. However, in another embodiment the 
catheter tube 24 may have an outer diameter smaller 
than an inner diameter of the tube 66 such that the cath- 
eter tube 24 can be inserted within the tube 66. The 
tubes 24,66 can be bonded with an adhesive or by other 
- means. Further, the diameter and wall thickness of the 
"tubes 24, 66 can vary significantly without departing 
from the intended scope of the invention. - 

The tip region 20 includes an aperture 60 extending 
through a wall of the tube 66 to selectively expose the 
first chamber 44 to a physiological pressure external to 
the catheter 10. More particularly, in accordance with 
the invention, a blocking element 64 is provided for se- 
lectively blocking the aperture 60, as will be described. 
Physiological pressure measurements are made when 
the aperture 60 is unblocked and the pressure sensor 
40 is calibrated, or zeroed, when the aperture 60 is 
blocked. In the illustrative embodiment, the tube 66 is 
comprised of titanium. However, other biocompatible 
materials that are non-magnetic and thus unaffected by 
a Magnetic Resonance Imaging (MRI) examination, 
such as stainless steel and titanium alloys, are also suit- 
able. 

In the illustrative embodiment, the blocking element 
64 is a balloon which is adapted for being manipulated 
between a first, inflated condition in which the balloon 
blocks the aperture 60 (Figure 2) and a second, deflated 
position in which the aperture is open (Figure 2A). It is 
understood that a variety of other devices and/or mech- 
anisms, other than a balloon may be used to block the 
aperture. For example, a membrane can be used to se- 
lectively occlude the aperture. 

To inflate the balloon 64, a cylindrical member 68 
extends between the balloon 64 and the proximal end 
14 or respective coupling 36, 38 of the catheter via the 
passageway beginning at the tube 24 (Figure 1). The 
cylindrical member 68 carries a gas or a fluid to and from 
the balloon 64 for inflating and deflating the balloon. Cy- 
lindrical member 68 can be connected to a syringe, or 
other air supply, via a luer connector for example, to in- 
flate the balloon. The syringe may be removed to deflate 
the balloon. 

A first cylindrical member 70 extends from the first 
chamber 44 through the tube 24 to the proximal end 14. 
The cylindrical member 70 is hollow and is adapted for 
carrying a gas to the first chamber 44 in order to calibrate 
the pressure sensor 40. More specifically, the gas di- 
rected into the first chamber 44 by the cylindrical mem- 



ber 70 is at the same pressure as a gas presented to 
the second chamber 48 during calibration. To this end, 
a second cylindrical member 74 extends between the 
second chamber 48 and the proximal end 1 4 of the cath- 
s eter through the tube 24. The second cylindrical mem- 
ber 74 is adapted to carry gas at a reference pressure 
to the second chamber during calibration and during 
physiological pressure measurements. 

In an exemplary embodiment, the second cylindri- 
io cal member 74 is kept open to consistently expose one 
surface 40b of the pressure sensor element to atmos- 
pheric pressure. Thus, air at atmospheric pressure is 
present in the second chamber 48 during calibration and 
during pressure measurements. The first cylindrical 
is member 70 is closed while physiological pressure 
measurements are made. This allows external pressure 
to be presented to the other surface 40a of the pressure 
sensor element. During calibration, however, the first cy- 
lindrical member 70 is opened to expose the other sur- 
20 face 40a of the pressure sensor element to atmospheric 
pressure. Thus, during calibration, both surfaces 40a,b 
of the pressure sensor element are exposed to atmos- 
pheric pressure. 

In an alternative embodiment, the pressurized fluid 
25 source 35 (Figure 1 ) provides gas to the first and second 
chambers 44,48 at a predetermined pressure during 
calibration. The pressurized fluid source 35 is selective- 
ly coupled to both the first and second cylindrical mem- 
bers 70,74. The pressurized gas ensures that the same 
30 pressure is present at both surfaces 40a, b of the pres- 
sure sensor element to more accurately zero the pres- 
sure sensor. The pressurized gas, such as air, over- 
comes any pressure differentials that can be caused by 
residual fluid in a chamber 44,48, from a physiological 
35 pressure measurement for example. Also, for atmos- 
pheric pressure, small differences in pressure can exist 
between the first and second chambers 44,48 due to the 
relatively long path from the connector 31 to the tip re- 
gion 20. The pressurized gas provides a substantially 
40 equalized pressure distribution in the first and second 
chambers 44,48 for accurate calibration. 

A cylindrical member 80 is mounted in the silicon 
barrier region 52 between the balloon 64 and the first 
surface 40a of the pressure sensor 40. As is apparent 
from Figure 2, the cylindrical member 80 surrounds a 
portion of the pressure sensor element 40. A portion 85 
of the cylindrical member 80 provides a backing plate 
when the balloon 64 is inflated to prevent the balloon 
from contacting and/or otherwise affecting the accuracy 
of measurements made by the pressure sensor 40. That 
is, the backing plate prevents any strain from being ex- 
erted by the blocking element 64 on the first side 40a of 
the pressure sensor 40. 

Although the cylindrical member 80 provides a 
backing plate for the blocking element 64, the cylindrical 
member 80 cannot mechanically interfere with the 
mounting of the pressure sensor element 40 in the tube 
66. More specifically, edges of the pressure sensor el- 



50 



4 



7 



EP 0 888 744 A2 



8 



ement 40 must extend across the diameter of the tube. 
To this end, the cylindrical member 80 includes at least 
one gap, groove, or other such opening that allows the 
pressure sensor element 40 to extend to the walls of the 
tube 66. It is understood that the cylindrical member 80 
can have many configurations that provide the backing 
plate function for the blocking element 64 without pre- 
venting the pressure sensor element 40 from extending 
to the walls of the tube 66. For example, the cylindrical 
member 80 may only be present in the first chamber 44 
where the blocking element 64 is located. 

In addition to providing a backing plate for the block- 
ing element 64, the cylindrical member 80 can provide 
further structural rigidity to the tip region 20 of the cath- 
eter. For example, a portion 84 of the cylindrical member 
can be affixed to the tube 66 by bonding with an adhe- 
sive, by ultrasonic welding or by other means. 

An electrical conductor 78 is coupled between the 
pressure sensor element 40 and the connector 31 (Fig- 
ure 1 ) for electrical connection to the pressure monitor- 
ing circuit 33. The electrical conductor 78 carries an 
electrical output signal of the pressure sensor 40 indic- 
ative of a measurement of the difference in pressures 
presented to the first and second sides 40a, 40b of the 
pressure sensor 40. The pressure sensor 40 and pres- 
sure monitoring circuit 33 thus provide electronics for 
measuring a physiological pressure. Cylindrical mem- 
bers 68, 70 and 74 as well as electrical conductor 78 
extend through the barrier region 52 into the tube 24. 
With this arrangement, the tip region 20, and in particu- 
lar the first chamber 44 and the second chamber 48, 
remain isolated from the environment within the tube 24. 

In an exemplary embodiment, the catheter tip re- 
gion 20 has a diameter in the range of about one quarter 
to five millimeters, and preferably about two millimeters. 
The length of the tip region 20 can range from about one 
to ten millimeters, is typically between three and five mil- 
limeters, and most preferably is about four millimeters. 

In operation, physiological pressure is measured 
when the balloon 64 is deflated as shown in Figure 2A. 
In this condition, the first chamber 44 is in fluid commu- 
nication with the exterior of the catheter via the un- 
blocked aperture 60. Thus, the physiological pressure 
at the site at which the catheter is disposed is commu- 
nicated to the first chamber 44. At the same time, a ref- 
erence pressure is presented to the second chamber 48 
via the cylindrical member 74. 

The electrical output signal of the pressure sensor 
40 carried by conductor 78 is indicative of the pressure 
differential between the f i rst chamber 44 and the second 
chamber 48. Thus, where the physiological pressure is 
equal to the reference pressure, an output signal carried 
by the electrical conductor 78 is null. The output signal 
carried by conductor 78 is processed by the pressure 
monitor circuit 33. In the illustrative embodiment, the 
pressure monitor circuit 33 includes a Wheatstone 
bridge measurement circuit. The bridge circuit matches 
two resistances that correspond to the surfaces 40a,b 



of the pressure sensor element 40 with two resistors in 
the pressure monitoring circuit. The bridge circuit pro- 
vides an output that is proportional to the amount of mis- 
match between resistors caused by the output signal. 
5 The resistance mismatch can be the result of pressure 
applied to the pressure sensor element or a drift in re- 
sistance not attributable to pressure. For a drift in resist- 
ance, the sensor should be zeroed to compensate for 
the drift. The pressure monitoring circuit can compen- 
sate for the drift in resistance with an interface element 
or with a device in the pressure monitoring circuit that 
stores and subtracts drift measurements. The pressure 
monitoring unit can include a display, such as a liquid 
crystal display (LCD), alarms, and peak positive and 
negative signal detection circuits. 

Referring to Figure 3, one illustrative process by 
which the pressure sensor of the present invention is 
calibrated in vivo is shown. It will be appreciated by 
those of ordinary skill in the art that the particular steps 
and sequence of steps is illustrative only and may be 
varied without departing from the spirit of the invention. 
Calibration of the pressure sensor 40 can be initiated, 
in step 90, either manually by a user at desired time in- 
tervals or, alternatively, automatically, such as at prede- 
termined time intervals, under the control of the pres- 
sure monitoring circuit 33. To begin calibration of the 
catheter, the balloon 64 is inflated in step 92 to the po- 
sition shown in Figure 2 such that it blocks aperture 60. 
In this condition, the first chamber 44 is isolated from 
the physiological pressure exterior to the catheter 10. In 
step 94, a reference pressure, such as atmospheric 
pressure, is introduced through cylindrical member 70 
into the first chamber 44 and through cylindrical member 
74 into the second chamber 48. 

The output signal 78 of the pressure sensor 40 is 
then measured by the pressure monitoring circuit 33 to 
determine the zero offset of the pressure sensor in step 
96. Finally, in step 98, the measured zero offset is used 
by the pressure monitoring circuit 33 to compensate for 
the zero offset and to thereby enhance the accuracy of 
subsequent pressure measurements. In one embodi- 
ment, a Wheatstone bridge circuit is used to detect re- 
sistance changes. The two resistance values from the 
respective surfaces of the pressure sensor element are 
matched with two resistors in the pressure monitoring 
circuit 33 to form the bridge circuit. As resistances 
change due to pressure applied to one or more surfaces 
of the pressure sensor element or resistances drift, the 
bridge circuit provides an output signal proportional to 
the resistance mismatch in the bridge. In this way, the 
pressure at the sensor element can be measured. For 
resistance drift, a circuit element in the pressure moni- 
toring circuit can compensate for the resistance mis- 
match in the bridge circuit to zero the pressure sensor. 
In another embodiment, the pressure circuit includes a 
circuit to store and subtract resistance drift. 

Referring to Figure 4, there is shown an alternate 
embodiment of a tip region 100 comprising a pressure 
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sensor permitting in vivo zeroing in accordance with the 
invention. The tip region 100 is suitable for use with the 
catheter 10 of Figure 1. Like the catheter tip region 20 
of Figures 2 and 2A, the tip region 1 00 includes a termi- 
nal region 104 and a barrier region 108 between which 
, r a pressure sensor element 110, such as a semiconduc- 
tor element, is mounted. The pressure sensor 110 ef- 
fectively divides the tip region 100 into two isolated 
. chambers: a first chamber 112 adjacent to a first side 
. 1 1 0a of the sensor and a second chamber 1 1 4 adjacent 
to a second side 110b of the sensor. The first chamber 
112 is bounded by a portion of the tip region wall or tube 
122, the terminal region 104, the first sensor surface 
110a and the barrier region 108 and the second cham- 
ber 114 is bounded by a portion of the tube 122, the ter- 
minal portion 104, the second sensor surface 110b and 
..the barrier region 108, as shown. The pressure sensor 
^110 is adhesively bonded to the tube 1 22 and the termi- 
nal and barrier portions 104, 108. The adhesive pro- 
vides a seal to isolate the first and second chambers 
112, 114. 

An aperture 120 extends through the tube 122 in 
order to permit fluid communication between the first 
chamber 1 1 2 and the external environment during phys- 
iological pressure measurements. The aperture 120 is 
selectively blocked by a blocking element 124, such as 
a balloon 124, during in vivo calibration. To this end, a 
tube 125 is coupled between the balloon 124 and the 
catheter tube 24 by which fluid is introduced into the bal- 
loon to inflate it in response to user or automatic initia- 
tion of sensor calibration. 

A physiological pressure is measured while the bal- 
loon 124 is in the deflated condition, as shown in Figure 
4A, to expose the first side 1 10a of the pressure sensor 
element 110 to the physiological pressure at the site at 
which the catheter is disposed. A reference pressure is 
presented to the second side 1 1 0b of the pressure sen- 
sor element via tube 132 so that a differential pressure 
between the first and second sides of the pressure sen- 
sor element 1 1 0 can be measured. The pressure sensor 
element 110 provides an output signal indicative of the 
pressure differential between the first and second cham- 
bers 112,114. The output signal is carried by conductor 
1 30 to a pressure monitoring circuit, like that shown and 
described in conjunction with Figure 2. 

When in vivo zeroing is desired, the balloon 124 is 
inflated to blockthe aperture 1 20 and seal the first cham- 
ber 112. A reference pressure is presented to the first 
chamber 112 via tube 134 and to the second chamber 
1 1 4 via tube 1 32 so that there is no pressure differential 
between the first and second sides 110a, 11 0b of the 
pressure sensor element. An output signal indicative of 
this zero offset condition is provided to the pressure 
monitoring circuit via the conductor 130. 

An optional cylindrical member 126 is embedded in 
the barrier region 1 08 to provide a backing plate for the 
balloon 124 and increase structural stability for the tip 
region 100 and barrier region 108 junction. The cylindri- 



cal member 1 26 does not extend into the first and sec- 
ond chambers 112, 114, but, rather, terminates at a wall 
1 28 of the barrier region 1 08. As compared with the em- 
bodiment of Figure 2, the tip region 100 is increased in 

s length due to the placement of the aperture 1 20 with re- 
spect to the pressure sensor element 110, but has a sim- 
ilar diameter. The cylindrical member 1 26 can be a tube 
and will not interfere with the mounting of the pressure 
sensor element 110 in the tube 122, as in Figure 2. If 

10 the cylindrical member is not present, a portion of the 
barrier region 108 proximate the aperture provides the 
backing plate function for the balloon. 

The foregoing description of the illustrative embod- 
iments of the invention is presented to indicate the range 

75 of constructions to which the invention applies, \feria- 
tions in the physical architecture and dimensions of the 
invention will be apparent to those having ordinary skill 
in the art based upon the disclosure herein, and such 
variations are considered to be within the scope of the 

20 invention in which patent rights are asserted, as set forth 
in the claims appended hereto. All publications and ref- 
erences cited herein are expressly incorporated herein 
by reference in their entirety. 

25 

Claims 

1. A physiological pressure sensing device, compris- 
ing: 

30 

a pressure sensor tip having an external wall 
and an aperture disposed in the external wall; 
a pressure sensor element disposed within the 
pressure sensor tip and having a first surface 

35 exposed to the aperture and a second surface 

isolated from the aperture; and 
a blocking element adapted for movement be- 
tween a first position in which the aperture is 
exposed and a second position in which the ap- 

40 erture is blocked. 

2. The device of claim 1 further comprising electronics 
for measuring a physiological pressure when the 
blocking element is in the first position and for cali- 

45 brating the device when the blocking element is in 
the second position. 

3. The device of claim 1 wherein the pressure sensor 
tip is disposed at the distal tip of an elongate cath- 

so eter. 

4. The device of claim 1 wherein the blocking element 
is a balloon which is inflated when the blocking el- 
ement is in the second position. 

55 

5. The device of claim 3 further comprising a calibra- 
tion control disposed at a proximal end of the cath- 
eter and coupled to the balloon, wherein the block- 
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ing element is a balloon which is inflated upon ac- 
tuation of the calibration control. 

6. The device of claim 5 further comprising a backing 
plate disposed between the aperture and the pres- 
sure sensor element, the backing plate being effec- 
tive to prevent strain on the pressure sensor ele- 
ment caused by the balloon. 

7. The device of claim 3 further comprising a lumen 
extending from the pressure sensor tip to a proximal 
end of the catheter. 

8. The device of claim 7 wherein a first cylindrical 
member disposed in the lumen extends into the 
pressure sensor tip adjacent to the first surface of 
the pressure sensor element and a second cylindri- 
cal member disposed in the lumen extends into the 
pressure sensor tip adjacent to the second surface 
of the pressure sensor element. 

9. The device of claim 1 wherein the pressure sensor 
tip comprises a first chamber adjacent to the first 
surface of the pressure sensor element and a sec- 
ond chamber adjacent to the second surface of the 
pressure sensor element, wherein the first and sec- 
ond regions are isolated from one another by a bar- 
rier material. 

10. The device of claim 1 wherein the pressure sensor 
element comprises a semiconductor device. 

11. The device of claim 8 wherein a third cylindrical 
member disposed in the lumen extends to the 
blocking element to move the blocking element be- 
tween the first and second positions. 

12. A method for the in vivo calibration of a bioimplant- 
able catheter pressure sensor comprising the steps 
of: 

providing a physiological pressure sensing de- 
vice disposed on the distal end of a catheter, 
including a pressure sensor tip having an ex- 
ternal wall and an aperture disposed in the ex- 
ternal wall, a pressure sensor element dis- 
posed within the pressure sensor tip to form 
separate and isolatable chambers and having 
a first surface exposed to the aperture and a 
second surface isolated from the aperture, and 
a blocking element for selectively blocking the 
aperture; 

blocking the aperture in the pressure sensor tip 
with the blocking element; 
applying a reference pressure to the first sur- 
face of the pressure sensor element and to the 
second surface of the pressure sensor ele- 
ment; and 



measuring an output signal of the pressure sen- 
sor element. 

13. The method of claim 12 wherein the blocking step 
5 includes the step of inflating a balloon disposed ad- 
jacent to the aperture. 

14. The method of claim 13 wherein the blocking step 
further includes the step of commencing inflation of 
the balloon in response to user actuation of a cali- 
bration control. 

16. The method of claim 1 2 wherein the reference pres- 
sure applying step includes exposing the first and 
second surfaces of the pressure sensor element to 
atmospheric pressure. 

16. The method of claim 1 2 further comprising the step 
of preventing the blocking element from causing 
strain on the sensor and affecting the output signal 
of the pressure sensor element. 
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(54) In vivo zeroing of catheter pressure sensor 

(57) A catheter-based physiological pressure sens- 
ing device, which can be calibrated in vivo, is disposed 
in the distal end of a catheter, and is preferably in the 
form of a bulb-like device. The pressure sensing device 
includes a pressure sensor tip and pressure sensor el- 
ement disposed in the pressure sensor tip. The pressure 
sensor element has first and second opposing surfaces 
which form separate and isolatable first and second 
chambers. An aperture is formed in an external wall of 
the pressure sensor tip to provide a passageway into 
the first chamber and expose the first surface of the 
pressure sensor element to a physiological pressure. A 
blocking element, such as a balloon, is disposed in the 



first chamber and is adapted for selectively blocking the 
aperture. To measure a physiological pressure, the ap- 
erture is unblocked to allow an outside pressure into the 
first chamber and a reference pressure is presented to 
the second chamber so that the surfaces of the pressure 
sensing element can measure the differential pressure. 
To calibrate or zero the device, the blocking element 
blocks the apertu re to seal the first chamber with respect 
to external pressure and a fluid at a known pressure is 
introduced to the first and second chambers. The pres- 
sure sensor element provides an output signal indicative 
of a zero offset pressure to a pressure monitoring circuit 
to calibrate, or zero, the sensor and enhance the accu- 
racy of subsequent pressure measurements. 
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